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SUMMARY

An outline of the re-entrytiracking and communication problem
including a possible solution is presented in this paper.

The acquisition of the lifting Apollo spacecraft after it enters
the earth's atmosphere is a difficult problem for tracking which
requires particular attention., An interferometer especially dev-
eloped for this purpose is described and the major design param-
eters are given.

A re-entry network configuration is presented, and the neces-
sary tracking tasks outlined., Blackout problems, re-entry trajec-
tory ground tracking errors, the best ship positioning and Goddard's
plans to solve the re-entry tracking and communication problems
are discussed in detail,



INTRODUCTION

The purpose of this report is twofold, namely

a. To analyze ground tracking and communications problems associated
with manned re-entry vehicles, and

b. To develop ways and means to solve these problems in a practical way.

As an entering spacecraft an Apollo-type lifting vehicle is considered, approach-
ing the earth with nearly parabolic speed at a shallow. entry angle. A nominal,
approximately 5000 nautical mile skip trajectory as presently planned (see ref.
1) is used as an example with a lift to drag ratio of 0.5 and an entry angle of
-6.40°.

An effective ground support must be almost independent of the particular
trajectory chosen during a real mission. A '"nominal" ground track (straight
line) as shown in figure 1, 2, and 3 thus cannot be assumed. The ground system
must have the capability of covering all possible lifting trajectories the space-
craft is able to fly after it enters the earth atmosphere. The only assumption
made here is that the first re-entry point (point#1 in figure 1, 2, 3, 4 and 5) is
known to be within +20 nautical miles (pessimistic value see later) from that
previously planned a few hours before actual re-entry into the atmosphere.
This is necessary since the re-entry ship could not move fast enough to its
proper position in order to assume coverage of the skipout portion as indicated
in the figures mentioned. This is not a major restriction since it will be shown
later that this point can be determined to well within this error from early
return trajectory measurements using in essence the large dish (85') facilities
of the Apollo network.

No other restriction shall be considered, so that after the first entry, the
spacecraft can fly any trajectory within its capability and the ground system
(ship), not knowing the present position of the spacecraft, must acquire it. A
hemispherical acquisition capability of the ground tracking system will there-
fore be considered. It will be shown that an interferometer has this capability,
and thus will be used as the spacecraft acquisition system.

Special attention must be given to the blackout areas occurring along the
re-entry track due to the transfer of the spacecraft kinetic energy into heat.
These areas are of importance for the proper choice of position for the re-
entry ship along the track to permit tracking and communication with the space-
craft during the early phase of its skipout as presently planned. An investigation



of the blackout phenomena is under way both in-house and under contract with
the University of Alabama, Research Institute. It is anticipated that the out-
come of this effort will promote a better understanding and thus better predic-
tions of the blackout areas (see figures 1, 3 and 5), while also giving insight as
to methods of combating the blackout problem itself.

Only the "re-entry' phase will be discussed. For purpose of clarification,
the re-entry phase is assumed to be that portion of the flight starting with the
first build-up of dynamic pressure (*0.05g, occurring approximately at 400,000
feet for an Apollo-type spacecraft, see figure 1) to the opening of the drag chute
¢-90,000 to 70,000 feet), the portion after that is considered as '"recovery" and
will not be discussed here. Goddard is presently working on a breadboard
model of a re-entry interferometer. The system consists of a 1.5 m crossed
baseline utilizing five antennas, and will have, an electrical phase error in the
order of one degree, an angular error of 0.5 to 5 milliradians over an elevation
angle variation from 90° to 10°, Completion of this system is expected in a few
months. Airplane tests are then planned using the Goddard calibration aircraft.

I. Apollo Re-Entry Trajectories

In order to have a basis for discussion, a variety of Apollo re-entry tra-
jectories have been chosen as examples in this paper (see references 1, 2, and
3). Typical re-entry trajectories for the Apollo with a L/D = 0.5 are shown in
figure 1, 2, 3, 4 and 5 with the possible ground tracks which will be of particular
concern in this study. Please note that the trajectories shown in these figures
(except figure 5) have point #1, the first re-entry point in common and not the
landing point which would represent a realistic case. The reason for this is to
show that the very first portions of the re-entry trajectories are almost the
same in that they are almost independent of the range to be flown. The 5,000
nautical mile trajectory shown in this figure will be considered as a ''nominal"
re-entry trajectory. It should be emphasized that a ""standard' trajectory in
the real sense actually does not exist at this time.

The particular re-entry trajectory depends on many variables, such as
the entry angle y (ranging from approximately -4.8° to -6.8°, (see figures 1 and
2), the declination of the moon (see figures 4, 6 and 7 and reference 2 figure 6
and 7)), the inclination of the return trajectory (40° so that under no circum-
stances can the spacecraft land in the cold regions of the globe, see reference
1). All of this considerably influences the re-entry trajectory and thus the
ground track as shown in the figures mentioned. The considerations to be made
here although somewhat variable, are applicable to a large variety of re-entry
trajectories. This point will be stressed since it is an important one as far as




a proper ground support is concerned. To be effective, a ground tracking net-
work must be nearly independent of the special form of the re-entry trajectory
in order to cut down the number of ground stations required. Figure 2 shows

a three-dimensional schematic of the re-entry trajectories and the ground
tracks for Apollo as depicted in figures 1 and 3. In both graphs the fairly large
lateral deviations (hundreds of nautical miles) which the spacecraft is capable
of flying are indicated.

From the above it appears almost impossible to intercept the spacecraft
with a ground tracker. This fortunately is not so; although the interception or
acquisition of the re-entering spacecraft, is the most serious problem which
will be discussed later in this paper. A fairly large number of variables in-
fluencing the ground tracking system, are known, either from the geometry of
the situation or from previous measurements. Examination of figures 4, 5, 6
and 7 helps to answer a few questions.

As an example, lunar departure time, date, and thus the corresponding
lunar declination for instance -10° as shown in figures 4, 6 and 7 are accurately
known. This together with the down range length of the re-entry trajectory
determines to a certain extent the "preferred' landing site. (See reference 2)
Also known, from the mission and from tracking information during the last
three days of the return flight, is the inclination iy of the return trajectory
phase within the accuracy limits of our present tracking systems and orbital
theories used. The entry point #1 (figures 1, 2, 3, 4, 5, and 6) can be deter-
mined easily to within a few nautical miles using tracking information from the
Apollo tracking network measuring range, range rate and angles.

All of this information can be used for advance planning of the location of
the tracking ships and aircraft as necessary for supporting the earth re-entry
portion of the lunar return.

II. Problems of Spacecraft Acquisition

One of the most severe ground support problems encountered during the
re-entry of the spacecraft, as mentioned, is that of acquisition. This can be
seen by examining figures 1, 2, 3 and 8. The maximum lateral deviations of
the trajectories, as indicated in figures 1 and 3, reach a value of 2700 nautical
miles at a distance of 5,000 nautical miles from the first re-entry point #1.
Figure 3 also shows the circles of visibility of the ship for elevation angles
€ =10° (interferometer acquisition) and ¢ =3° (communications). The circles
of visibility for a spacecraft height H = 300 kit are left open intentionally on this
figure because acquisition can be obtained only when the spacecraft is almost




overhead. (See figure 8 and figure 3 for more details.) It further indicates the
probability distribution of the trajectories which will be flown. This curve,
contrary to all other data shown in figure 3, is a schematic only and not a
calculated one (depends on spacecraft equipment only). It only should demon-
strate here that it is more probable that trajectories close to the nominal one
will actually be flown, thus making the interferometer circle (¢=10°) as shown
really adequate for acquisition. All considerations will depend on the first
entry point location #1 and adequate knowledge in advance. It can be seen that
an unpredicted variation of even 50 nautical miles would not harm the acquisi-
tion problem. It will be shown later that under pessimistic tracking assump-
tions, the orbit can be determined to adequately fix point #1.

In the following, emphasis will be placed on a special interfermetric ac-
quisition system suggested by J. T. Mengel and the author some time ago. (See
reference 4 page 13.) It is assumed that the USBS* beacon onboard the space-
craft is radiating a cw-signal, that the spacecraft antennas are in operation,
and that the spacecraft is beyond the blackout areas shown in figure 1, 3 and 5.

Note that even when all the conditions mentioned are met, it may still be
impossible to contact the spacecraft by radio. This can be seen from figure 6,
which shows the spacecraft antenna pattern for positive lift position. As shown
here radio contact would be obtained only for the period of time when the space-
craft is almost above the tracking station and thereafter.

A "spill-over', usually not wanted from antennas in general, would be
highly desirable for this special case of the Apollo omni-antennas. Also, con-
siderations are given to the use of IR and skin tracking radar scanning tech-
niques in case the spacecraft transmitter is not operating or the craft is still
within the radio blackout regions. (See figures 1, 3 and 5.)

The problem of acquisition is the same in both cases since it stems from
the fact that the lifting spacecraft can deviate a considerable lateral distance
from the nominal track as shown in figure 1, 2 and 3.

In order to be able to cover all flight possibilities it is assumed that ""'no
a priori" information is available when and where the spacecraft reaches the
exit point A,A’ shown in figure 1 and 3. This, of course, constitutes the most
undesirable case. It is felt, however, that a proper ground network has to
cover the region of spacecraft flight capability given by v, L/D and entry ve-
locity v as depicted in figure 1, 2 and 3. Based on this, a search capability for

*USBS stands for Unified S-Band System. This system combines tracking (range and range rate,
JPL’s pseudo random code) and communications thus forming a single system for both tasks.
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the entire hemisphere has to be built into the tracking acquisition system.
This is true for both cases, the cooperative as well as the non~-cooperative
systems for acquisition. An additional requirement which has to be met by
these systems is that of short acquisition time. Short time here means a time
in the order of one to two seconds.

Assuming a spacecraft height of approximately 70 km (200kft) (see figures
2 and 5) and a speed in the order of 7 to 7.5 km/s during the first portion of
the re-entry maneuver a maximum angular rate (¢ near or equal to 90°),

. 2 _V_ . __1__ = o/s
€ - h - 10 rad/s - 6 (1)

is to be expected. As mentioned earlier, not knowing the position of the space-
craft and its possible great angular speed, if over head (see figure 8) creates
real problems for spacecraft acquisition.

These are the reasons why special acquisition systems are being developed
for an Apollo-type re-entry.

III. Special Re-Entry Acquisition Systems

Taking into account the existing acquisition problems after re-entry (see
point #2 in figure 1 and 5) led to the concept using an interferometer with fixed,
broad beam antennas as an acquisition aid. The advantage of such an instru-
ment, proved in over six years of operation of the Minitrack system, is that no
moving antennas such as in the case of search radars, and nearly hemispherical
coverage (10° above horizon) can be obtained as indicated in figure 9).

Assuming that the spacecraft USBS transmitter radiates a cw-signal the
omnidirectional individual interferometer antennas can receive this signal
from which the phase difference ¢ can be determined using phase measuring
techniques (see reference 5, 6, 7, 8, 9 and 10 for more details). From this
phase

(2)



the anglea, as shown in figure 9 can be determined by:

_ 5 _
cosa; = [ T oqp (3)

knowing the wavelength A, the antenna separation b and the phase difference ¢
(measured). The angles a, between the position vector of the spacecraft r and
the NS- baseline and a,, the equivalent in the EW direction, determine the local
unit position vector r° of the spacecraft.

This determination of r° solves the acquisition since a small dish then can
be directed, with this knowledge, toward the spacecraft to accomplish a range

measurement r and also to establish communications.

The local spacecraft position vector r is then given by

T = r-T° (4)

and this spacecraft position vector can be used to check the spacecraft re-entry
trajectory T = f(t).

Before continuing it may be appropriate to derive some of the major de-
sign parameters for such a re-entry interferometer. Varying equation (3) with
respect to ¢, A,and b, and collecting terms results in

1 A b SA éb
bay = m(‘ﬁ) [qu +oam <x) cosa <T - Fﬂ ()

The frequency (wavelength) can be considered as constant during the time the
wave reaches the two interferometer antennas, that is $A=0; one then obtains
from equation (5) the following error in o, using the Gaussian principle of
propagation of errors.

B 1 A 2 O"b 2
% T 27sinal\b %% t \27cosa 7 (6)
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Utilizing a proper "balance' between the obtainable errors o » in the electrical
phase measurement and o the error in the baseline length one obtains for o,
the following values with 1 (see reference 5 for more details)

A = 1Sem, b B 1.5m % = 1§
— L o -
op = &7 rad(™°), o, = 0.1cm
for a = 90°... o = 0.5mrad; «a = 10°... o = Smrad.

a

Figure 10 shows the expected angular error o, in mrad as a function of the
angle a for an assumed electrical phase measuring error of 1° and baseline
length errors of 1, 2 and 3 mm as indicated on the graph. These angular errors
will later be used to estimate the errors of the skipout trajectory and thus
those of the second re-entry point (point #3 in figure 1, 5 and 11).

An interferometer (breadboard model) of this kind designed especially for
re~entry acquisition of the Apollo spacecraft is presently under construction
at Goddard. It is planned that the ground plane accommodating both perpen-
dicular base lines (see figure 9) as well as all the ambiguity antennas will
measure less than approximately 10' x 10'.

The output of this interferometer will be the equivalent to angles a, and
a, as shown in figure 9 (that is the unit position vector ro from the ground sta-
tion to the spacecraft) as well as their rates a; and a, (or t°).

IV. Tracking Station Locations Along the Re-Entry Ground Track

In the following will be shown the optimum position for a ground tracking
station (ship) in order to support the entering lunar spacecraft. Position here
means the location of the tracker on earth in respect to the lifting re-entry
trajectory. Figure 12 shows the position of the re-entry ship and of the air-
craft necessary to support the re-entering spacecraft with communication capa-
bility. Since the same aircraft are being used that were used for injection
(that is communications coverage during the S-1V-B burn out of the parking
orbit into the lunar transfer orbit, a mandatory requirement) they are thus
available. They are depicted only in figure 12 to show that 5 aircraft together
with the necessary re-entry ship can cover the total 5,000 nautical mile re-
entry track. Removing aircraft A, or A; will still cover most of the trajectory
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which may be enough if only a total of four aircraft are available. This is
strictly dependent on the mission requirement which is beyond the scope of this
paper.

Before continuing into re-entry tracking, several facts should be taken into
account, facts already known as well as facts predicted or calculated based on
measurements made during the time on the earth return flight which will last
approximately 70 h as presently planned,

The lunar take-off time, and thus the declination of the moon § m, the
planned inclination iy of the return trajectory (see figure 4) and the time
characteristic are known. From these data the earth landing site can and will
actually be chosen as shown in figure 6 and 7 (see also references 1 and 2).
These figures show the areas of first re~entry (point #1) for northern and
southern landings. It should be noted that the landing points finally chosen will
not alter the considerations here to a great extent since the coverage which has
to be provided by the re-entry network using ships and aircraft is fairly inde-
pendent of the particular landing point chosen for the real mission. Tracking
information collected during the relatively long (270 h) return flight will be
used to alter the return trajectory by using proper midcourse maneuvers to
assure that the first re-entry point coincides with that previously planned.
Figure 13 depicts a possible return trajectory for landing in the Hawaiian area.
This trajectory is used as an example to show that tracking information using
only the Canberra 85' dish and the Indian Ocean ship's* 30' dish is adequate for
our impact point #1 determination. To be real pessimistic, it is assumed here
that tracking information only from a distance of 51,000 nautical miles, that
is 8h before entry, is available for orbit determination. The reason here is
not to show how well the orbit can really be determined but rather to demon-
strate that tracking with one 85' dish when the spacecraft is still a few hours
out and one 12' or a 30' dish on the Indian Ocean ship is adequate from a ground
tracking point of view to locate the re-entry ship in advance (see figure 12).
Even without this ship the entry point #1 would be known well enough for this
purpose. It should be emphasized that these loose requirements here are only
related to the re-entry ships location and acquisition problem and not to the
tighter requirements from the aerodynamic re-entry point of view. The re-
entry angle for instance is a critical parameter as far as atmospheric re-entry
is concerned as outlined in references 11, 12 and 13. Figure 14 shows the
errors associated with the entry under these loose conditions stated above. A
tracking sampling rate of one range, range rate, azimuth and elevation measure-
ment per minute is assumed.

*Please note that this ship is located at approximately 60 °E and 25 °S to cover the post injection
phase (7 min. coverage) and can be moved during the seven days of the mission to a location of
approximately 90 °E and 10 °S to cover the approaching spacecraft for minutes (6 to 7 min.) before
it reaches the atmosphere at 400 kft,




Figure 6 (extracted from reference 2) shows the locus of the re-entry
points (designated as #1 in figure 1, 2, 3, 4, 5, 6 and 7) for an Hawaiian water
landing. The limitations given are only those of the lunar declipations §_,
the maximum re-entry range of 5000 nautical miles and the maximum inclina-
tion of the lunar return trajectory i, = 40°. The reason for this was opera-
tional in order to assure that under no circumstances or possible failures can
the spacecraft land in the cold regions of the earth assumed to be above or
below 40° latitude. Figure 7 shows a similar graph for a southern landing.

Figure 12, an extract of figures 4 and 6, shows in more detail the possible
re-entry trajectory for a chosen example, namely § = -10° and a return
inclination i = 20.2°,

In this case, it can be seen that only the i, = 20.2° return trajectory
would be 5,000 nautical miles long assuming the landing point is given using
different return inclinations.* Using this example the tracking ship would have
to be placed approximately 1,000 nautical miles down range from point #1 as
indicated in the previous graphs.

The odd shaped areas of coverage for tracking (elevation angle ¢ = 10°
for the interferometer on the ship (dark area) and communications (¢ =5°,
aircraft height = 30,000 ft.) are due to the height variation of the spacecraft
flying the re-entry trajectory as shown in figure 1. Comparison of the dark
area representing the tracking capability of the ships acquisition interferom-
eter (¢ = 10°), and the maximum deviation of the spacecraft depicted in figures
1 and 3, show that acquisition should be possible under any circumstances.
Again, it should be pointed out that the '"final'' position of the ship will depend
on the real blackout areas (which by this time will hopefully be better deter-
mined than at the present time) and the real lateral flight capability of the
spacecraft. Figure 3 gives a better view of the beginning of the re-entry phase.
As shown here, the ship is placed just "outside' of the blackout area approxi-
mately 1,000 nautical miles downrange from point #1.

Blackout areas are considered to be those areas along the re-entry tra-
jectory where the electron density is so high that communication between the
re-entering spacecraft and a ground station is impossible. The frequency
regions considered for this definition are those commonly used for communi~
cations up to 10 kme. (See reference 14 for more details.) The reason for the

*The following simplifying assumptions have been made (see reference 2, p-2): constant earth
moon distance; a constant vacuum perigee; a constant true anomoly of 174 °; only the earth’s
gravitational field acting on the vehicle.



increased electron density in the vicinity of the entering spacecraft is the trans-
fer of the kinetic energy of the spacecraft (braking action of the upper region of
the earth's atmosphere) into heat, predominently by compression in the stagna-
tion region but partially by skin friction in the boundary layers. Figures 1, 3
and 5 show these areas of radio blackout from Apollo-type vehicles as they are
known at this time (see reference 14). As can be seen from figure 5, consid-
erable differences exist (up to 400 nautical miles in distance) in the duration
of these regions, indicating that more studies are required to clearly define
them. As indicated in the graph, up to 50% of the total communications time
could get "lost" due to an extension of the blackout region. After this brief
consideration of the radio blackout problem, which is important as shown for
positioning the re-entry ship, let us go back to the tracking ship and its acquisi-
tion problems. Also indicated on figure 3 is the ship's initial acquisition angle
a, = 75° for this case. Immediate acquisition is difficult to get due to the
anfenna pattern and the attitude of the spacecraft. As shown in figure 8, antenna
"spillover" may be enough to make acquisition possible. This in turn suggests
the desirability of not using too '"good" a spacecraft antenna design. The space-
craft could emerge within an angle of 75° at minimum, taking the worst condition
when the spacecraft flies a short and one-sided trajectory (maximum deviations
of the ground track end-points). In case acquisition cannot be obtained right
away, the angle o,  could increase to almost 180° (not quite since the inter-
ferometer minimum elevation angle is approximately 10°). By placing the ship
in the indicated position, it is assured that the ''ship visibility" exceeds the
maximum lateral maneuverability of the spacecraft as indicated in figure 3.

Assume now that the spacecraft has been acquired at a point X and is
tracked over a time period of time T during its "'free flight" skipout as shown
in figure 11 (compare also with figure 1). The question then arises as to what
errors 7)., 7,ep, Can the position and velocity of the craft be determined
approximately at the point C when it leaves the visibility region of the ship and
what is the magnitude of these errors 77:;s » Mye; transformed to the second
re-entry point (#3)? Figures 15 and 16 give the answer to these questions
using an interferometer as described before on the ship for acquisition and
angular information o, a, as well as a small dish for range and range rate
information (USBS) with and without ship location errors.

An error in the location of the ship of +1 km in latitude and longitude has
been assumed for the calculations depicted in figure 16 (see reference 15, 16
and 17). Figure 15 and 16 shows both the position and velocity errors at the
end of the tracking as well as the projection of these errors to the second re-
entry. As indicated for short tracking times in the order of seconds, that means
acquisition has been accomplished relatively late, (acquisition point X is near
C in figure 11) the errors are relatively large and so are their projections to
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point #3. Nevertheless all are within the limits of the spacecraft dynamic flight
capability. Assuming that acquisition is accomplished late (to be on the pessi-
mistic side) so that only a short time T = 40 seconds remain for tracking the
errors are 7 = 1360m, Nyel = 11m/s and their projections are

’7:;; 34,000m, 77ve1 = 15m/s as seen from figure 16. Under the assumption
that the errors in the location of the ship are #1000 m (3,300 feet)in longitude
and latitude respectively. It is felt at this time that it is appropriate to give

an additional description of the prepositioning of the re-entry tracking ship as
shown in figure 1, 3 and 12,

Since the ship is prepositioned during the last few hours of the mission due
to its slow velocity and can be considered a fixed station, certain precautions
for the proper re-entry coverage have to be taken. Fortunately these, as will be
shown are very relaxed ones which means that the ground net, in this case the
prepositioned re-entry tracking ship, imposes no limitations on the mission.

To make sure that the ship can "see' the spacecraft even with possible
variations due to "last minute" maneuvers of the spacecraft, changes of the
entry point #1 are considered next.

These variations along and perpendicular to the re-entry track can be ex-
pressed in a simple form by:

(R+h)

)
perp Vo Ccos '}/0 %erp

. . (R+h) 2r (8)
track - ’)/1 H 8Votrack

where R is the earth radius, h is the height of the re-entry point above earth,
7, 1s the flight path angle for r_ and v_, v  the velocity where a velocity
maneuver of v _ or ov is to be executed at a distance r_ from the
center of the earth W is the grav1tat10nal parameter and 7y, is the re entry
flight path angle (-5° to -7°). Equations (8) are based on simple Keplerian
orbits using the earth as the only attracting body. Varying these orbital equa-
tions with respect to the velocity and neglecting higher orders terms result in
the equations (8) stated above, giving the variations perpendicular and along
the re-entry track. Figures 17 and 18 present equations (8) in graphical form.
As can be seen "wrong maneuvers' in the perpendicular direction up to

Sv * 9 ft/s as much as 4-1/2h or r_ = 32,500 nmi out would not make it

perp
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necessary to alter the ship's position. From figure 18 it can be deducted that
a "'wrong" change in velocity along the tangent Sv, tang = 9 ft/s performed
4-1/2 h out would result in a change & = 60 nautical miles for the re-
entry point #1, which also is not dangerous from the ground tracking point of
view since it would only result in a tracking time loss of approximately 10
seconds. Not '"recorded" variations oév, ., = 30 ft/s as much as 10 h out
(r, = 64,000 nautical miles) would on the other hand, reduce the tracking
ship's usefulness since the change of &  _, = 270 nautical miles would bring
the blackout region beyond the tracking ship as shown in figures 1 and 3. But
even under these conditions, not too much harm would be done. This shows that
the prepositioning of the ship is indeed possible.

Figures 17 and 18, on the other hand, show also what changes of point #1 on
the earth can be accomplished when the tracking data and thus the nominal
return trajectory indicates that the entry point #1 is not where previously
planned in order to optimize the ground tracking capability if found necessary.

V. Goddard’s Effort to Solve the Re-Entry Tracking and

Communications Problem

As mentioned in the course of this paper, Goddard is presently building a
breadboard model of a re-entry interferometer (acquisition system for the
USBS) hopefully to be used finally for the Apollo entry acquisition and tracking.
The ground plans dimension will be approximately 10' x 10'. Four racks of
electronic equipment will, with a display console, constitute the total system.
It is anticipated that this breadboard model will be in operation by July 1964.
At this time it is planned to perform aircraft tests using one of Goddard's
calibration airplanes (DC-6). A USB-transponder and proper antennas will be
installed in the aircraft to simulate acquisition and study the problems in more
detail,

Studies are also under way at Goddard (references 18 and 19) to investigate
the possibility of utilizing the generated re-entry heat (infrared) to acquire the
spacecraft. This is of importance particularly for aircraft in order to direct
the USB antennas toward the entering spacecraft to establish communications.
Also here hemispherical search capability is of importance in order to cover
all possible re-entry flights during the spacecraft's early dynamic and ballistic
(skip) paths.

As mentioned also, radio blackout, particularly its beginning and ending

period during certain portions of the re-entry flight constitute a problem. In
order to gain more insight in this area, Goddard has negotiated two contracts.
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One with Dr. F. J. Tischer, Associate Director, Research Institute, University
of Alabama, Huntsville, Alabama, who will continue the theoretical investiga-
tions he started some time ago as member of the staff of the Systems Analysis
Office at Goddard. The expected results of this study will be more sophisticated
mathematical models of the ionized flow field and the radio frequency propaga-
tion through this flow field during super orbital re-entries into the earth's
atmosphere. These models will have to contain semi-empirical terms which
at this time cannot be rigorously determined theoretically. In order to obtain
in a parallel fashion experimental results, Goddard has negotiated a second
contract with Cornell Aeronautical Laboratory, Inc., Buffalo, N. Y. (Mr.
Hertzberg). Those experiments, theoretically guided by both institutions and
performed in the unique shock-tube wind tunnel facility at Cornell appears to
be a most promising approach to attack the blackout phenomena. Actual radio
wave propagation measurements will be performed in the well-surveyed flow
field surrounding the model under simulated transmitting conditions of the re-
entering spacecraft. Experiments to study ablation effects, fluid injection and
local magnetic fields surrounding the antenna (control of the tensor character-
istic of the plasma) will also be investigated experimentally at Cornell. It is
hoped that with this two-pronged approach, real progress can be made toward
a solution of the blackout problem acceptable to the final operation during re-
entry or this last phase of the lunar mission,

Based on this paper, anticipated comments, and probable changes in the
mission rules, a more comprehensive document will be published in the future.
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r° (a], a2) and is
determined by the
Interferometer.

r = I?l is separately
measured by the
US Band System.

Figure 9 - Schematic of Re-Entry Interferometer
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